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. Previous papers in this series have dealt with the concentrations of various
free amino and fatty acids in commercial Provolone and Romano cheese (3, 4).
Fat degradation, specifically the production of free butyric acid, appeared to be
directly related to the type of enzyme product used in the manufacture of cheese
(2, 3,4). In contrast, the free amino acid content was not related to the enzyme
products used but to the action of the bacterial flora (3).

However, the significance of these findings could not be evaluated, since the
cheeses were made in various factories under different conditions. Therefore,
this study was made in order to evaluate the effects of different types of lipo-
lytic enzyme produets on the ripening of Italian chcese made in one factory
under controlled conditions. :

PROCEDURE

Four vats of Romano and four vats of Provolone cheese were manufactured
from the same milk supply and the same starter culture (Lactobacillus bulgari-
cus). The only variable introduced was the type of enzyme preparation used
for each of the four cheeses. For both Romano and Provolone, one lot cach was
made with the following: (a) rennet extract alone (Ilansen), (b) rennet extract
(Hansen) plus calf glandular preparation (Ttalase), (c) rennet extract plus
kid glandular preparation (Capalase), and (d) imported cerude kid rennet paste.

Each variety of cheese was manufactured by a commercially recognized
method and in a commercial cheese factory. The manufacturing methods for
cach lot of cach specific variety were maintained constant, so that the tempera-
tures and vat acidities were identical for all lots at any specifie stage of the
manufacturing process. The manufacturing details are shown in Tables 1 and 2
for Provolone and Romano, respectively, The Provolone cheese was smoked and
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Provolone cheese. The intensities of the orm_.mﬁﬁ._::m nwWoM_ cmwazwu WM:M:Q%@
volone cheeses during the ripening period are shown E_ mE M:. oTho cheme
de with rennet extract exhibited the least flavor mo<.o op m vheress the
umwmmm made with the kid glandular preparation and the kid rennet p
n .
the greatest and most rapid development of flavor.

TABLE 1. . g

Manufacturing data for a typical Provolone cheese
Amount of milk 200 1h,
Fat test of milk 3.3% S
Acidity of milk T000%
Acidity of starter 1.3 T T : BLE 3
Amount of starter 1.5% (Lactobacillus bulgaricus) . - . .Er‘ Provolone chcese made with different
Amount of rennet 3 02/1,000 th, of milk - Development of characteristio \_ae&ew .uaa days of ripening at 60° F.
Amount of lipase 4 02/1,000 1, of milk NS a:neamsgﬁa.ﬁ:e:a&s:n

: . . L3
Temperature at setting 00° 1, Characteristic flavor score

Time to set

Total time to cook
Temperature of cooking

Time from wetting to draining
Acidity at draining

Time from setting to mixing 50 Rennet extract

Temperature of mixing water 165° 1, ; 51 Calf gland enzyme 0
Tempernture and time of mixing curd Averngo of 140° 1, for 25 min. 52 Kid gland enzyme 0
pH at mixing - 6.3 53 Kid rennet paste

Rulting Brine salted

. istic flavor: intensity from 0 to 4. .
..%«M”“—wwemwﬁ.mnn also used with all glandular preparations.

27 min,
30 min,
° 10
._x_uw::*... : Sample
0.16% : No.
150 miu,

Age (days)

Source and type 60 90 220
of enzyme"

TABLE 2

: . . ’ i ipening enzymes
Manufacturing data for a typical Romano cheeac The four different treatments of milk with coagulating and ripening y

ioni cetic acids during
w::._:;i i 200 1b. cally the same development of wa_:.mz_:_u mwm%:cﬁ o o
“ut test of milk 2.5, . vel ) f propionts \ .
Ay bt e :._x.mﬁ the one year of curing. The propionic &S; s“ et cmn ot choone rolids
i 157, d f age; it increased from approximately U.10 mg. o ol
Amount of sturter L5% (Laclobacillus bulgaricus) 1 GM\% N~ ; 023 o ot 370 day e ¥ L in milligrams per n—.ﬂaoocw \ c\u\.w
wnum%mo.. . . .. ._:.::mvncx::ﬁo...,..:
mo_EmmnrH»_uo.ao.mo.wuc.w:;.ﬁc %&ii.a rc

Amount of rennet 3oz 1000 11 of ik
0.25, 0.32, 0.23, 0.32, and 0.40, respectively.

produced practi

Amount of lipase 4 02/1,000 1b, of milk
Time from setting to cut 25 mi

25 min.
Temperature of cooking 115° b,
Totul time to cook 30 min.
Time from setting to draining (1st drain) 60 min.
Time from wetting to draining (2nd druin)

. 90 min,
Time from setting to dipping curd 100 min,

I at dipping 6.1 (0.23% acidity)
pHoout of forms

Nalting

e i :parations
Butyric acid present in Provolone checse made with various enzyme prep

, Butyric acid® in Provolone made with:
P
1 )
Brine one day and then dry salted

Rennet plus )
kid glandular Kid rennet
preparation paste

" Rennet plus
calf glandular

. Ageat Rennet reparation
brine-salted hefore being transferred to | analysis extract D

: 0.13 0.13
he dry salting of the Romano was completed at the 1 0.05 0.12

The Ohio State University, T 031 0.39 0.55 wmm
University. The cheeses were stored for 1 year ut a temperature of 50° + 2° p. 14 051 0.88 1.0 -

. Lo 30 e 1.10 1.60 .

and a relative humidity of 75%., , 60 0.55 130 1.80 i
The sampling teehniques and methods for determining moisture and water- ._ww wu ; 1.50 m:w.m 400

soluble nitrogen were the same as those used in previous work (3, 4). Analyses 370 0. 170 —

for free amino acids and fatty acids were made at 1, 14, 30, 60, 90, 220, and 360 * Mg. acid per gram of cheese.

days of age. Analyses were made for free alanine, aspartie acid, glutamic acid,

brine-salted and the Romano cheese was

H
H
7

glycine, histidine, the combined leucines, methionine, threonine, and valine; and
for free acetic, propionie, butyrie, and a group of ““higher’’ fatty acids. The
free amino ueids were measnred by the paper chromatographic method, and the
free fatty acids were measured by the direct chromatographic method previously
deseribed (1, .3).
RESULTS

The results of analyses at various times of ripening are similar for P
and Romano cheese. For convenience the results for cach cheese varie
hented separately,

rovolone
ty are pre-

The free butyric content measured in the cheese at 1, :,_.:.-.,m:v .“A_u_«__ﬂuuw_“_mm
370 days is given in Table 4. As vz....,m::z_x 2;52:; for ¢ :;ﬂ..yﬁ: :_h:ﬁ ?.\;.E.z
under varied conditions (3), a definite ~.:_i:.:_z:5 way mc_dw::.% a:;. L .;oS“_-
the kind of enzyme produet used in the manufacture of the ¢ _:hﬂ .: - r:».ﬁ.‘mc
opment of free butyrie acid in the S:xia..cm the free rme mw_“;u,._:iwﬁ:: yric
could be related to the enzyme ?.:;:ﬁ.. Lven at 14 days t lis ..rw :..I. D
apparent, and at 60 days the concentration .c». ..ra free :“:w:m.”m; SN::, ety
related to the type of enzyme produet, which in turn was rela »




The cheese :E;.c with rennet extract showed little
the first 30 days, whereas the cheese made with
of free

clopment of the cheese.
ease in free butyric aeid after :
yme preparation containing active lipase showed a gradual ::.._...zzm

vrie acid thronghout the ripening period. . v
.>” 1 day of age free alanine, glutamie acid, lencines, and valine were de-
able, but not present in measurable concentrations. As the cheese aged, the
o leucines were present in the greatest concentrations, followed by the n__m.
vie acid, valine, and alanine. Glyeine and threonine were not ._..:....3.; until
er 60 days of storage, whereas methionine and histidine :...J.:, present in some
{ absent from other samples at 60 days. The free amino acid values were not
ntical in the four different samples, but the values could not be related to
» kind of enzyme product used in the manufacture,

The greatest changes in concentration oceurred :m:... 90 .._:.zu, of m::..m_n—.._..\wr
bnparison of the free amino acid content at 90 and “r:.._:.,.z i _1-:.,.:‘:_ __= e 5.
nerease in almost all amino acids between 90 and

Jere was generally a marked i

TABLE §
Concentrations of various free amino acids liberated at 90 and 370 ;.:\x in the
ripening of Provolone cheese made with rarious enzyme preparaliony

Rennet plus )
kid glandular Kid rennet
preparation paste

Rennet plus
ealf :_.,::_.:::.
Rennet extraet —.:.?:,mw_,::‘

00 ua:ll 00 370 00 370

Treatment:

Agein dayns: 370

I (mg.)  (mg.)  (mg.) (mg.)  (mg.) (mg-) (mg.)  (mg.)

Amino acids I
Alanine 1.10 Q.20 1.K0 2.60 1.30 .-..:_v. u..ﬂ: M“"w
e e ned (.50 1.80 1.10 220 1.10 .6 .
.\,“w_‘“..ﬁ___ it o 1.0 110 + 1.40 + 110

Glutamie neid 1.60 580 6.10 .m....:: “‘“M..“ M...._: “““”x
istidine 0.70 (1] B v -
“_._.wn.._m_“__._.: M*. 40 5.00 7.20 3.80 a.w: 3.20 N_.:W
5::;::.::. 0,30 ..:.___. .... o0 __”....: “.__:.,. 80
Threonine 1] IR 2 . . :
“.‘_n_,__m___.ﬁ_,_:: 1.50 210 0.70 1.70 1.30 £2.00 2.30

* .ﬂ,::: ates less than 0.1 mg/g cheese solids,

B70 davs. The free amino acids were present in relatively large quantities in the
ear-old cheese, with the Jeneines and glutamie acid heing present in the highest

oneentrations. .
One interesting observation was that as the cheese aged, the variation in the
arious cheeses hecame less, In the vear-old cheese

free amino acid content of the v e .
the amino acid contents were similar, with the exception of histidine and methio-
nine. These acids were present in some cheeses and absent in others.

Romano cheese. 'The characteristie flavor scores of the four Romano cheeses
are wiven in Table 6. As in Provolone, the cheeses made with ...Z:.:é ..z:”:_;
showed very little characteristie flavor development during the Fipening :.E.:.;.
The 1:...2.. made with kid enzyme produets showed the greatest intensity of

flavor development. . I
The degradation of fat was definite at 1 day, and all of the _.::”_ 7_:”, .E ids
yeavolone cheese, the four different

TABLE 6
Characteristic flavor intensity of cxperimental Romano cheese during 370 days of ripening*®

Characteristic flavor intensity

Rample Souree nnd type Age (days)

No. of enzyme 15 00 oun

1 Rennet extract

0 0 1
2 Calf gland enzyme 1]
0
0

0.5 .
1 3

) w e
“

3 Kid gland enzyme
4 Kid rennet paste

* Characteristic flavor; intensity from 0 to 4.

treatments of the milk with coagulating and ripening enzymes produced prac-
tically the same development of propionic and acetic acids during 1 year of
curing. Propionic acid in milligrams per gram of cheese solids at 1, 14, 30, 60,
90, 220, and 370 days of curing approximated 0.1, 0.12, 0.17, 0.23, 0.03, 0.36, and
0.40, respeetively. Acctic acid at 1, 14, 30, 60, 90, 220, and 370 days of curing
approximated 0.1, 0.3, 0.4, 0.52, 0.56, 0.58, and 0.63 mg. per gram of cheese solids,
respectively.

TABLE 7
Butyric acid present in Romano checse made with various enzyme preparalions

N

Butyrie acid® in Romano made with

Rennet plus
calf glandular
preparation

Rennet plus
kid glandular Kid rennet
preparation paste

Ageat Rennet
annlysis extruct

1 0.15 0.30 0.45 051
14 0.29 0.52 0.72 1.10
30 0.53 1.20 1.40 1.80
60 0.62 1.80 2.20 2,60
90 0.72 1.90 3.00 3.40

220 0.90 2.40 3.90 4.20
370 1.20 3.2 5.00 5.70

* Mg. acid per gram cheese solids,

The amount of free butyrie acid in the cheese at 1, 14, 30, 60, 90, 220, and 370

y -
-

days is shown in Table 7. The results are similar to those previously shown for
Provolone cheese, except that the compounds are present in much higher con
contrations in Romano cheese. The relationship between lipase enzyme and char
acteristic flavor was observed and is apparent even in 1-day-old cheese.

Most of the free amino acids studied were present in the 1-day-old cheese
and only glycine and threonine were not detected. The greatest incerease in fred
amino acid content oceurred between 90 and 370 days of age.

The free amino and fatty acid content of the cheese at 90 and 370 days i
shown in Table 8. The results are similar to those previously reported for Provo
lone, except that the compounds are present in much higher coneentrations
Although there were differences in the amounts of various free amino acids, nond
of the variations could be related to the type of enzyme products used in th
manufacture. The general pattern of free amino acid is the same as for Provo
lone.




TABLE 8

«...::..,z.?a:.e:a of various frce amino acida liberated at 90 and 370 days in the
ripening of Romano cheese made with various ¢nzyme preparations* b

Treatment: Rennet plus
calf glandular
preparation
Agein days: 90 370 90 370 00 370 00 370

Rennet plus
kid glandular Kid rennet

Rennet extract preparation paste

Amino acids (mg.) (mg.) (mg.) (mg.) (my.) (mg.) (mg.) (mg.)
Alunine 2,00 3.00 2.50 2.80 1.90 2,00 2,80 2.40
Axpurtic acid 2,40 3.80 2,30 3.00 1.90 3.40 2,90 3.00
Glyein 0 1.70 + 1.80 0 2,10 1.90
Glutamie neid 3.60 7.10 2,80 6.90 2.40) 8.30 7.2
Histidine 1] 0.70 0 1] 0 +
_....:.._.:: 4.30 K.00 5.7 8.30 5.60 i 8.40
Methionine + 0.40 4 .60 + 0.10
Fhreonine 1] 0.40 0 0.30 1] 0.10
Viline 1.30 2.90 1.70 1,20 1.60 2.90

“v:w. H.E per gram cheese solids, R
+ indicutes less than 0.1 mg. amino aecid present per grion,

DISCUSSION

This study, condueted under earefully observed conditions, basically sub-
tantiates the earlier observations pertaining to the relationship of the enzyme
broduet 1o the ripening of Halian cheese. Rennet extraet, which contained no
etive lipase, did not result in characteristie flavor development. The liberation
nd concentration of butyrie acid in this cheese is similar to that reported for
Beddar eheese (6). The two kid preparations resulted in cheese with similar
avor and similar hutyrie acid contents, whereas the calf rennet paste produeed
wre butvrie acid than the rennet extract, but not as much as the kid produet.
e confirmation of the proposed relationship between enzyme product, flavor
yroduetion, and butyrie acid formation is considered good evidenee for the im-
sortanee of the enzyme produet in the ripening of Halian cheese. The result
i1so show that the hygienically nnsatisfactory rennet paste is not essential, bhe-
Latse the desired characteristie flavor developed and butyrie acid was formed
n the cheese made with purified enzyme preparations from glandular sourees.

The lack of relationship noted between the free amino acid content of the
Jeese and the enzyme producet is further evidenee that a second and independent
aetor is involved in the ripening of both Romano and Provolone cheese, Al
hough buth the Romano and the Provolone were made from the same lot of raw
nilk. all of the Provolone samples were phosphatase-negative as a result of the
tigh temperature reeeived during the molding process. This would account for
e lower rate of degradation of both fat ‘and protein in the Provolone cheese,
It mivht also aceount for the greater uniformity in the free amino acid content
o Provolone cheese as compared to that of Romano cheese.

The conventration of many of the free amino acids showed tendencies to first
Encrease, then decrease, and subsequently again inerease in concentration as the
Fipening period progressed. Such changes in end-product concentration could
hot be related to the lipase enzyme preparations and, therefore, these changes
yrobahly refleet changes in the bacterial flora during ripening and in the utiliza-

tion of certain amino acids in the metabolism of microorganisms.  Thus, the
compounds available at any given time would tend to direet the growth of
different types of flora, depending on the enzyme gystem of the microorzanisms,
Therefore, to insure the aceumulation of the desired end products and proper
flavor productions, attention must also be given to those enzyme systems which
enable the bacteria to utilize certain amino componnds ns sourees of carbon and
energy. The differences in raw and pasteurized milk cheese may be explained
not only by differences in active proteolysis hut partially by the subseqguent utili-
zation of certain amino compounds by mieroorganisms or by chemical reaction
with other compounds which provide the desired end result.

The presence of certain amino aeids, sueh as glutamie acid and the leueines,
in high concentrations in the 370-day-old cheese undoubtedly has an influence
on the flavor characteristies of the cheese. However, the absenee of any particular
¢“free’’ amino acid in the cheese should not be considered as evidenee that the
compound is not liberated or is not important. Rather, this absence might only
indicate the presenee of an aetive enzyme system capable of converting the com-
pound into a secondary compound, which in turn could be a part of the ?:.:._..
Therefore, attention might be given also to compounds that may be _:;.z.__:.:_
rolatively low eoncentration during ripening, as related to their coneentration
in ..:z..:._. Threonine, methionine, and histidine are notable examples of com-
pounds present in low concentrations. These compottnds have ?;.:. shown.to EE..
an important part in bacterial metabolism, and their transformation may be im-
portant in the development of cheese flavor.

SUMMARY

Fach of four vat lots of milk was treated with one of four different enzyme
combinations and made into Provolone cheose. Another series of four vat lots
of milk was treated in the same manner and made into Romano cheese. Various
froe amino and free fatty acids developed in the ripening cheese were measiired
c¢hromatographieally over a period of 1 year.

The rate of formation and the concentration of free butyrie acid were found
to be direetly related to the type of enzyme produet used in the manufacture of]
the eheese, The kid rennet paste and kid glandular lipase preparations resulted
in cheese with the highest butyrie acid content, the calf produet was next, and
the rennet extract resulted in a cheese with a very slow rate of butyrie acid flavor
produetion.

The enzyme product was not relatod to the aecumnlation of the free amine
acids, A hypothesis of interconversion of amino compounds is disenssed,  The
appearance of the desired cheese flavor was related to butyrie acid and rn__:::_m
acid in Provolone cheese and to butyrie acid in Romano cheese. Glutamice aci
could not be related to the cha acteristic flavor of Romano, The Tencines in
ereased to a consistently higher Tovel than did the glutamic acid in the ripening

of Provolone cheese. Further work is in progress to investicate the significancg
of this finding.
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In light of the above reports the development ot a simple and rapid test for
qualitative and semi-quantitative evaluation of the ketonie flavor constituents
of blue-mold cheese would seem desirable. Fxperience with a chromatographic
procedure for the geparation and identification of 2 4-dinitrophenylhydrazones
of aldehydes and ketones (5) has led to the development of such a test.

EXPERIMENTAL PROCEDURE

Ten -1h. samples of blue-mold type eheese representative of the cheese sold
at nearby retail outlets were obtained. No information coneerning these samples
other than the variety, brand, and source was available. The samples were
examined for flavor, aroma, and mold growth.

Distillation of cheese samples. Fifty grams of ¢heese from which all traces
of rind and outer portions had been removed was mixed in a Waring blendor
with 50 ml. of water until homogencous. The cheese suspension was poured into
a 250-ml. Erlenmeyer flask containing several glass beads and one drop of Dow
Corning Silicone Antifoam A. Thirty ml of 0.2% w,f:::_.::_:..J.___.E:.:i:o
in 2 N 1Cl was added to a 125-ml. Erlenmeyer fask. The two flasks were con-
neeted to # Y-shaped distillation tube cimilar to that deseribed by Van Slyke
¢t al. (11) by means of tight-fitting rubber stoppers. The third arm of the
distillation tube was fitted with a short picee of heavy-walled rubber tubing and
a scrow-clamp. The assembled apparatus was connected to g mechanical vacuum
pump protected by a culeium sulfate moisture trap. The distilling apparatus
was swirled rapidly and evacuated until a head of foam developed on the cheese
mixture. The vacuum was interrupted by closing the serew-clamp, and the
cheose mixture was agitated until the foam dissipated. This procedurd was
repeated until the cheese mixture boiled gently without appreciable foam forma-
'tion when the screw-clamp was opened momentarily. The flask containing the

-2 4-dinitrophenylhydrazine colution was then immersed inoan jce-water hath,
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